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ABSTRACT Insulin-like growth factors I and II (IGF-I
and -II) are potent mitogens for various cancers, including
carcinoma of the prostate. In several experimental cancers,
treatment with antagonists of growth hormone-releasing hor-
mone (GH-RH) produces a reduction in IGF-I and -II, con-
comitant to inhibition of tumor growth. To investigate the
mechanisms involved, we treated male nude mice bearing
xenografts of DU-145 human androgen-independent prostate
cancer for 8 weeks with potent GH-RH antagonist MZ-5-156
at a dose of 20 mgyanimal s.c. twice a day. Tumor growth,
serum and tumor levels of IGF-I and -II, and the mRNA
expression of IGF-I and -II in tumors were evaluated. After 8
weeks of therapy, final volume and weight of DU-145 tumors
in mice treated with MZ-5-156 were significantly (P < 0.01)
decreased compared with controls, and serum IGF-I showed
a significant reduction. Treatment of nude mice bearing
DU-145 xenografts with MZ-5-156 also significantly (P <
0.01) diminished by 77% the levels of IGF-II in tumor tissue
compared with controls, but did not affect the concentration
of IGF-I. Reverse transcription–PCR analyses revealed a high
expression of IGF-II mRNA in DU-145 tumors. Treatment
with GH-RH antagonist MZ-5-156 decreased the expression of
IGF-II mRNA by 58% (P < 0.01) as compared with controls.
Our work suggests that GH-RH antagonist MZ-5-156 may
inhibit the growth of DU-145 human androgen-independent
prostate cancers through a reduction in the production and
mRNA expression of IGF-II by the tumor tissue. These find-
ings extend our observations on the mechanism of action of
GH-RH antagonists and may explain how GH-RH antagonists
inhibit tumor growth.

Carcinoma of the prostate is the most common malignant
tumor in men (1). About 70% of human prostate cancers are
testosterone-dependent (2). The present methods of treatment
for advanced prostate cancer are palliative and based on
androgen deprivation (2). However, after a period of remis-
sion, a relapse occurs because of acquisition of tumor growth
autonomy. An incomplete understanding of prostate cancer
pathophysiology has hampered the development of effective
therapies for patients with hormone-refractory disease. Var-
ious growth factors may be responsible for the relapse. There
is evidence that growth factors, such as epidermal growth
factor (EGF), transforming growth factor a and b, and insulin-
like growth factors I and II (IGF-I and -II), and some
neurohormones such as luteinizing hormone-releasing hor-

mone (LH-RH), somatostatin, and bombesinygastrin-
releasing peptide (GRP) can affect the function and growth of
the prostate gland (3, 4).

IGF-I and IGF-II are produced by various tissues, are potent
mitogens for several cell types, and regulate normal and
malignant growth through endocrine, paracrine, or autocrine
mechanisms (5–9). Most biological actions of IGFs are thought
to be mediated through the IGF-I receptor (8, 10, 11), which
has tyrosine kinase activity (12). The blockade of IGF-I
receptor by a specific antibody inhibits autonomous cell growth
in an IGF-I-producing small-cell lung carcinoma (SCLC) cell
line (13). Similar results have been obtained in an IGF-II-
producing neuroblastoma cell line (7). IGF-I and -II appear to
be involved in the malignant transformation of cells and the
progression of many tumors, including prostate cancer (14–
18). Consequently, the blocking of the production of IGFs
might lead to improvement in the treatment of advanced
androgen-independent prostate cancer.

Recently, we developed various potent and specific antag-
onists of growth hormone-releasing hormone (GH-RH), such
as [PhAc-Tyr1, DArg2, Phe(4-Cl)6, Abu15, Nle27, Agm29]hGH-
RH(1–29) (MZ-5-156) (19, 20). By suppressing GH secretion,
these compounds might decrease the synthesis of IGF-I in the
liver or other tissues. GH-RH antagonists could also reduce
the autocrine and paracrine production of IGF-I andyor
IGF-II by various tumors (18, 21–24). In the present study, we
investigated the effects of the GH-RH antagonist MZ-5-156 on
tumor growth, IGF-I and IGF-II levels in serum and tumors,
as well as the expression of IGF-I and IGF-II mRNA in the
DU-145 human hormone-independent prostate cancer line
xenografted into nude mice.

MATERIALS AND METHODS

Peptide and Reagents. GH-RH antagonist (MZ-5-156)
PhAc-[D-Arg2, Phe(p-Cl)6, Abu15, Nle27]hGH-RH(1–28)Agm
[where PhAc is phenylacetyl, Phe(p-Cl) is parachloro-
phenylalanyl, Abu is a-aminoisobutyryl, Nle is norleucyl, and
Agm is agmatine] was synthesized by solid-phase methods and
purified in our laboratory (20). For daily injections, MZ-5-156
was dissolved in 0.1% dimethyl sulfoxide (DMSO) in sterile
10% propylene-glycolysaline solution (Sigma).

Animals. Male athymic (Ncr nuynu) nude mice, approxi-
mately 6 weeks old on arrival, were obtained from the National

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’ in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

© 1998 by The National Academy of Sciences 0027-8424y98y958864-5$2.00y0
PNAS is available online at http:yywww.pnas.org.

Abbreviations: GH-RH, growth hormone-releasing hormone; IGF,
insulin-like growth factor; RT-PCR, reverse transcription–PCR;
SCLC, small-cell lung carcinoma.
‡To whom reprint requests should be addressed at: Veterans Affairs
Medical Center, 1601 Perdido Street, New Orleans, LA 70146.

§On leave from the Department of Human Anatomy, University
Medical School of Pécs, Pécs, Hungary.
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Cancer Institute (Bethesda, MD) and housed in laminar
airf low cabinets under pathogen-free conditions with a 12-h
lighty12-h dark schedule and fed autoclaved standard chow
and water ad libitum. Their care was in accord with institu-
tional guidelines.

Cell Culture. The human androgen-independent prostatic
carcinoma line DU-145 was obtained from the American Type
Culture Collection (ATCC, Manassas, VA). DU-145 cells were
grown as a monolayer in RPMI 1640 medium (GIBCO)
supplemented with 10% fetal bovine serum, antibiotics, and
antimycotics at 37°C in a humidified 95% airy5% CO2 atmo-
sphere. Tumor cells growing exponentially were harvested by
brief incubation with 0.25% trypsin-EDTA solution (GIBCO).
Xenografts of DU-145 were initiated by s.c. injection of 1 3 107

cells into the left f lanks of five male nude mice.
Experimental Protocol. DU-145 tumors resulting after 8

weeks of growth were aseptically dissected and mechanically
minced; 3-mm3 pieces of each tumor tissue were transplanted
s.c. by trocar needle into male nude mice under methoxyflu-
rane (Metofane, Pitman–Moore, Mundelein, IL) anesthesia.
Six weeks after transplantation when tumors had grown to a
volume between 40 and 50 mm3, tumor-bearing mice were
divided into two groups of eight animals each. The control
group was injected only with 0.1% DMSO in 10% propylene-
glycolysaline s.c. (vehicle solution) and the experimental group
was treated with 20 mg of GH-RH antagonist MZ-5-156 s.c.
twice a day. The treatment was continued for 8 weeks. The
tumors were measured once a week with microcalipers, and the
tumor volume was calculated as length 3 width 3 height 3
0.5236 (25). At the end of the experiment, mice were anes-
thetized with methoxyflurane and sacrificed by decapitation,
and trunk blood was collected. The serum was separated and
analyzed by radioimmunoassay. Body weights were recorded
and the tumors were carefully dissected, cleaned, and weighed,
and samples of each tumor were taken for radioimmunoassay
and molecular biology analyses.

Radioimmonoassay for IGF-I and IGF-II. To determine
IGF-I and IGF-II levels in DU-145 prostate cancers, 100 mg
of tumor tissue was homogenized in 1 ml of homogenization
buffer (0.05 M TriszHCly0.005 M EDTAy0.005 M MgCl2y30
mg/ml bacitracin, pH 7.6) and centrifuged at 2000 3 g (20 min
at 4°C). Protein determination in the supernatant was per-
formed by using the Bio-Rad protein assay kit. All serum and
reconstituted tumor samples were extracted by a modified
acid–ethanol cryoprecipitation method reported previously
(26, 27). This method eliminates most of the IGF-binding
proteins that can interfere in the RIA. The extracted IGF-I in
serum and tumor samples was measured by RIA using IGF-I
(88-G4, Genentech) as a standard in the range of 2–1,000
pgytube and also for iodination by the chloramine-T method.
Antibody UB-2–495 (a gift from L. E. Underwood and J. Van
Wyk, University of North Carolina, Chapel Hill) obtained
from the National Institute of Diabetes and Digestive and
Kidney Diseases was used at the final dilution of 1:14,000 in the
RIA. IGF-II was measured by using human recombinant
IGF-II (Bachem) in the range of 2–1,000 pgytube. IGF-II was
iodinated by lactoperoxidase method and purified by reverse-
phase HPLC liquid chromatography using a Vydac C18 col-
umn. For the assay, Amano mAb generated against rat IGF-II

(10 mgyml) was used at a final dilution of 1:14,285 (Amano
International Enzyme, Troy, VA). This antibody cross-reacts
100% with human and rat IGF-II and 10% with human IGF-I
(28).

RNA Extraction. Total RNA was extracted from human
DU-145 tumors by using RNAzolJ B (Tel-Test, Friendswood,
TX) according to the manufacturer’s instructions. The RNA
pellets were suspended in 50 ml of 10 mM Trisy1 mM EDTA
buffer (pH 8.0) and quantified spectrophotometrically at 260
nm.

Reverse Transcription–PCR (RT-PCR). One microgram of
total RNA extracted from DU-145 prostate tumors was re-
verse-transcribed into single-strand cDNA by using Moloney
murine leukemia reverse transcriptase according to the man-
ufacturer’s instructions (Perkin–Elmer). After an initial 2 min
of denaturation step at 94°C, the RT reaction mixture was
subjected to 27 cycles of PCR amplification by using specific
primers for human IGF-I, IGF-II, and b-actin (Table 1)
(29–31). These primers were synthesized by use of the standard
model 394 DNAyRNA synthesizer (Applied Biosystems). The
number of cycles was determined previously to be within the
exponential range of PCR product amplification necessary for
quantitative densitometry. Each cycle consisted of a 1-min
denaturation step at 94°C, a 1-min annealing step at 54°C, and
2 min of elongation at 72°C. The last cycle was followed by 10
min of elongation at 72°C using a thermal cycler (Stratagene).
Negative controls were run in parallel to control for cross-
contamination of samples. A reaction was performed as
described above but without the addition of reverse transcrip-
tase as a test for the presence of contaminating genomic DNA
in the RNA preparation from these tumors. Ten microliters of
PCR-amplified product was resolved by electrophoresis on a
1.8% agarose gel, stained with ethidium bromide, and visual-
ized under ultraviolet light.

Southern Blot Analysis. After electrophoresis, the gel was
treated with denaturation buffer, then by neutralization buffer,
the PCR products were transferred to Hybond N1 membrane
by capillary transfer, and the cDNA was linked onto it by
heating for 2 hr at 80°C. The prehybridization was realized at
37°C for 4 hr in buffer containing 50% formamide, 1 M NaCl,
1% SDS, and 100 mgyml denatured and sonicated salmon
DNA. The membrane then was hybridized in prehybridization
buffer containing human 32P-labeled IGF-II cDNA (1 kbp) or
32P-labeled b-actin cDNA (1.1 kbp). Both cDNAs were pur-
chased from the ATCC and were labeled by using a multiprime
labeling system (Amersham). The blots were washed under
stringent conditions, and the signals from samples were
scanned and quantified by using an imaging densitometer
(Model GS-700, Bio-Rad).

cDNA Sequencing. PCR product obtained after RT-PCR
analysis using specific primers for IGF-II was sequenced by
using modified protocols of ABI Big Dye Terminator chem-
istry (Genome Systems, St. Louis). The cDNA sample was
analyzed by B. Blakey by using the ABI Prism 337 DNA
sequencer at Genome Systems.

Statistical Analyses. All values are expressed as the mean 6
SEM, and statistical analyses were performed by using Dun-
can’s multiple range test.

Table 1. Oligonucleotide primers used in RT-PCR analysis for human IGF-I, IGF-II, and b-actin mRNA expression in
DU-145 human androgen-independent prostate tumors

mRNA Primers Sequences (59 . . . 39) Position Target size Ref.

IGF-I Sense ACATCTCCCATCTCTCTGGATTTCCTTTTGC 85–116 514 bp 29
Antisense CCCTCTACTTGCGTTCTTCAAATGTACTTCC 567–598

IGF-II Sense AGTCGATGCTGGTGCTTCTCACCTTCTTGGC 270–300 538 bp 30
Antisense TGCGGCAGTTTTGCTCACTTCCGATTGCTGG 776–807

b-actin Sense ATCTGGCACCACACCTTCTACAATGAGCTGCG 294–326 518 bp 31
Antisense GCAGCGGAACCGCTCACCGCCAATGGTGAT 782–812
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RESULTS

Effect of GH-RH Antagonist MZ-5-156 on Growth of DU-
145 Tumors. After 6 weeks of treatment, the volume of
DU-145 tumors in the group receiving MZ-5-156 was signif-
icantly (P , 0.05) decreased to 108.0 6 29.0 mm3 as compared
with the control group (254.6 6 71.5 mm3) corresponding to
a 57.4% reduction (Fig. 1). After 8 weeks, the final tumor
volume was significantly (P , 0.01) diminished in animals
treated with MZ-5-156 to 113 6 47.9 mm3 compared with
controls, which measured 403 6 45.0 mm3, corresponding to a
71% decrease. At the end of the experiment, there also was a
66.8% (P , 0.01) reduction in tumor weight in the group
injected with MZ-5-156 (112.5 6 37.1 mg) as compared with
the control group (338.0 6 24.3 mg). There were no significant
differences in body weights between the treated (32.7 6 1.57 g)
and untreated (32.8 6 2.35 g) animals.

Effect of GH-RH Antagonist MZ-5-156 on IGF-I and IGF-II
Levels in Serum and DU-145 Tumors at the End of the
Treatment Period. The serum and tumor tissue levels of IGF-I
and IGF-II in control animals and in nude mice treated with
MZ-5-156 are shown in Table 2. In mice bearing DU-145
tumors, the serum level of IGF-I was significantly (P , 0.05)
lowered by treatment with MZ-5-156 to 88.3 6 6.7 ngyml as
compared with the control group (111.5 6 6.5 ngyml) whereas
serum IGF-II levels were similar in both groups. The IGF-I
concentration in DU-145 tumors was not affected significantly
after therapy with MZ-5-156 (402 6 77.4 pgy100 mg protein)
as compared with the control group (331 6 44.5 pgy100 mg
protein). However, administration of MZ-5-156 significantly
(P , 0.05) reduced the levels of IGF-II in DU-145 tumors to
304 6 196 pgy100 mg protein at the end of the treatment
period, as compared with the control group, which showed
1486 6 252 pgy100 mg protein.

Effect of MZ-5-156 on IGF-II mRNA Expression in DU-145
Tumors. RT-PCR analysis was performed to detect the ex-
pression of IGF-I and IGF-II mRNA in DU-145 tumors. Using
primers for human IGF-I, we could not find the expression of

IGF-I mRNA in DU-145 tumors. In contrast, using specific
primers for human IGF-II, we detected a high expression of
IGF-II mRNA. The PCR product obtained after amplification
was of the expected size (538 bp) (Fig. 2a). Amplification with
specific primers for human b-actin (internal control) produced
a single product of 518 bp (Fig. 2b). No PCR product was
amplified from the negative control. Visual observations of the
bands for IGF-II obtained after ethidium bromide staining
revealed a low signal of the PCR products in the group treated
with MZ-5-156 compared with the untreated group. Southern
blot analysis confirmed the specificity of the PCR products for
IGF-II (Fig. 3a) and b-actin (Fig. 3b). Additional confirmation
that the PCR product corresponds to IGF-II was obtained by
sequencing. Semiquantitative analysis of the developed bands
for IGF-II was performed by densitometry. The signals ob-
tained for IGF-II were standardized according to the signals
obtained for b-actin. After treatment with GH-RH antagonist
MZ-5-156, the mRNA level for IGF-II was decreased to 41.8 6
7.1% (P , 0.01) as compared with controls accepted as 100 6
6.1% (Fig. 4). This confirmed that the decrease in the level of
IGF-II in DU-145 tumors observed after treatment with
GH-RH antagonist MZ-5-156 is associated with the inhibition
of mRNA for IGF-II.

DISCUSSION

Prostate cancer is the second-leading cause of cancer-related
deaths among men in the United States (1). After an initial
response to androgen-deprivation therapy, most patients with
advanced prostate cancer relapse as the tumors acquire hor-

FIG. 1. Tumor volume in athymic mice bearing subcutaneously
transplanted DU-145 human androgen-independent prostate cancers
after treatment with the GH-RH antagonist MZ-5-156 administered
s.c. at a dose of 20 mg per animal twice a day (b.i.d.). Treatment was
started when tumors measured approximately 40–50 mm3 and lasted
for 8 weeks. Vertical lines indicate the SEM. p, P , 0.05; pp, P , 0.01
versus control.

FIG. 2. RT-PCR analysis of human IGF-II (a) and b-actin (b)
mRNA expression in DU-145 prostate tumors. PCR products were
separated by 1.8% agarose gel electrophoresis and stained with
ethidium bromide. The sizes of expected PCR products were 538 and
518 bp for hIGF-II and hb-actin, respectively. Lanes: M (molecular
weight marker), MX174 HaeIII digest; 1, negative control; 2–6,
samples from untreated animals; 7–11, tumor samples from animals
treated with GH-RH antagonist MZ-5-156.

Table 2. IGF-I and IGF-II levels in the serum and tumor tissue of
nude mice bearing DU-145 human androgen-independent prostate
xenografts at the end of the treatment period with GH-RH
antagonist MZ-5-156

Treatment
group

Serum Tumor

IGF-I,
ngyml

IGF-II,
ngyml

IGF-I,
pgy100 mg

protein

IGF-II,
pgy100 mg

protein

Control 111.5 6 6.5 35.1 6 2.48 331 6 44.57 1,486 6 252
MZ-5-156 88.3 6 6.7* 39.8 6 4.95 402 6 77.48 304 6 196.2*

*P , 0.05 vs. control.
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mone independence and growth autonomy (2, 3, 32). The
DU-145 cancer cell line, derived from a human adenocarci-
noma metastatic to the brain, is androgen-independent (33).
This cell line can be xenografted into nude mice and represents
a suitable model for investigating the effects of various classes
of antitumor peptides on androgen-independent prostate can-
cers in vivo and in vitro (21, 34).

The findings of this study with a recently synthesized GH-RH
antagonist, MZ-5-156 (20), confirm and extend our previous
reports, which showed that a less potent GH-RH antagonist,
MZ-4–71 (19), inhibited the growth of androgen-independent
PC-3 and DU-145 human prostate cancers xenografted into nude
mice and Dunning R-3327-AT-1 prostate tumors in rats (21). We
likewise have demonstrated that antagonist MZ-4–71 or MZ-5–
156 could suppress in vivo proliferation in nude mice of various
human cancer lines such as Caki-I renal adenocarcinoma (22),
SK-ES-1 and MNNGyHOS osteosarcomas (23), and H-69
SCLCs and H-157 non-SCLCs (24).

The present work also shows that the treatment with GH-RH
antagonist MZ-5-156 decreases serum IGF-I and IGF-II levels in
DU-145 tumors. This is in agreement with our previous obser-
vations that GH-RH antagonist MZ-4–71 reduced serum GH
and IGF-I levels and decreased the concentration of IGF-I and
IGF-II in PC-3 prostate tumors (21). However, no significant
effect was observed on the level of IGF-I in DU-145 prostate
tumors after treatment with MZ-5-156.

Using molecular biology analyses, we showed that IGF-I
mRNA is not expressed in DU-145 tumors, whereas a high level
of IGF-II mRNA is detected in these tumors. Figueroa, et al. (35)
demonstrated that DU-145 and PC-3 prostate cancer cell lines
express IGF-II mRNA but not IGF-I mRNA. Angelloz-Nicoud
and Binoux (36) determined that PC-3 cells secreted IGF-II but
not IGF-I. Similarly, Iwamura et al. (37) could not detect the
secretion of IGF-I in DU-145 and PC-3 cell lines. In contrast,
Pietrzkowski et al. (38) reported that DU-145 and PC-3 cells
maintain an autocrine production of IGF-I.

Elevated levels of IGF-II and, less commonly, IGF-I have
been observed in different tumors (9, 10). A high level of
IGF-II mRNA has been reported in Wilms’ tumor, rhabdo-
myosarcoma, hepatoblastoma, liposarcoma, colon carcinoma,
pheochromocytoma, some neuroblastomas, leiomyomas, and
leiomyosarcomas (10). It has been shown that prostatic stromal
cells from patients with benign prostatic hyperplasia express
higher levels of mRNA for IGF-II than normal prostate cells
(39). Our work shows that treatment with GH-RH antagonist
MZ-5-156 leads to a significant decrease in IGF-II and its
mRNA in DU-145 prostatic tumors. The correlation between
the decrease in the level of IGF-II and its mRNA after
treatment with MZ-5-156 suggests that the reduction in IGF-II
is the result of inhibition of gene transcription or a change in
the stability of the mRNA for IGF-II. In addition, the tumor
growth inhibition after treatment with GH-RH antagonists is
likely to be the result of the inhibition of the autocrine or
paracrine production of IGF-II in DU-145 prostate cancers.

The mechanisms of action by which GH-RH antagonists
inhibit tumor growth and suppress the level of IGF-II and its
mRNA in tumors are still unknown. GH-RH antagonists could
affect the growth of prostate cancers through indirect or direct
pathways (18). The indirect mechanism would operate through
a suppression of the GH release from the pituitary and the
resulting inhibition of the hepatic production of IGF-I (18).
We have shown that GH-RH antagonists decrease the level of
IGF-I and GH in serum of nude mice bearing prostatic and
renal cancers, osteosarcomas, and SCLC and non-SCLC xeno-
grafts (21–24). These results suggest that the inhibitory effect
of GH-RH antagonist on tumor growth in vivo could be a
result, in part, of suppression of GH and IGF-I secretion.
However, the results of this investigation and previous studies
(18, 21, 22, 24) demonstrate that a major decrease in tumor
IGF-II levels also is found in Caki-I renal carcinomas, PC-3,
and DU-145 prostate cancers, and H-157 non-SCLC xe-
nografted into nude mice after therapy with GH-RH antag-
onists. In addition, a significant reduction in concentration of
IGF-I was produced in osteosarcomas (23), renal cancers, and
PC-3 prostate tumors as well as in non-SCLCs (21, 22, 24) after
treatment of nude mice with MZ-4–71 or MZ-5-156. A strong
suppression of IGF-II mRNA expression in DU-145 tumors
after treatment with MZ-5-156 points to a likely direct effect
of GH-RH antagonist on tumors. Ongoing in vitro studies on
the effect of GH-RH antagonists on DU-145 and other tumors
should help clarify the mechanism of action. The results will be
reported elsewhere (V. Csernus and A.V.S., unpublished
data). Investigations are in progress to identify the peptide
receptors in tumors that respond to GH-RH antagonists and
that could be different from the pituitary GH-RH receptors
(H. Kiaris, G. Halmos, and A.V.S., unpublished data). GH-RH
is a member of the family of peptides that includes glucagon,
secretin, vasoactive intestinal peptide (VIP), gastric inhibitory

FIG. 3. Southern blot analysis of cDNA for human IGF-II (a) and
b-actin (b) obtained after RT-PCR. The PCR products were separated by
1.8% agarose gel electrophoresis and transferred to Hybond N1 mem-
branes. Hybridizations were performed with cDNA probes specific for
hIGF-II or hb-actin. The blots were washed under stringent conditions
and exposed to autoradiography. Numbering is the same as in Fig. 2.

FIG. 4. Effect of GH-RH antagonist MZ-5-156 on the expression
of mRNA for IGF-II in DU-145 human androgen-independent pros-
tate cancers. After densitometry, the levels of mRNA for hIGF-II were
standardized according to the levels of hb-actin mRNA and are
expressed as a percentage of control value. pp, P , 0.01 versus control.
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peptide, and pituitary adenylate cyclase-activating peptide
(PACAP) (40, 41). These peptides demonstrate considerable
amino acid sequence homology (40, 41). The human and rat
GH-RH receptors are homologous to secretin and VIP recep-
tor proteins (42). VIP1 and PACAP receptors have been
identified in certain tumors (43). GH-RH can compete for
binding to common receptor proteins, such as the VIP recep-
tor, and produce similar biologic responses in many target
organs (40, 41, 44, 45). GH-RH antagonists might also bind
with reduced affinity to some of these receptors in tumors.
Further studies are required to determine the receptors in-
volved in the action of GH-RH antagonists on tumors.

Antagonists of GH-RH are needed clinically for tumor therapy
because somatostatin analogues do not adequately suppress GH
and IGF-I levels (2, 17, 18, 46, 47). The combination of GH-RH
antagonists and somatostatin analogues could achieve a stronger
tumor growth inhibition (18, 46, 47). In addition, some tumors do
not express somatostatin receptors or the preferred subtype of
somatostatin receptors to allow a response to somatostatin ana-
logs (2). The suppression of production of IGF-I in the liver and
tumors andyor autocrineyparacrine secretion of IGF-II by the
tumors might inhibit cancer proliferation. These considerations
suggest the merit of further development of antitumor agents
based on GH-RH antagonists.

In conclusion, our findings indicate that the inhibition of
growth of DU-145 human androgen-independent prostate can-
cers in nude mice by the GH-RH antagonists may be mediated
through a reduction in the levels and mRNA expression of IGF-II
in tumors. These results reinforce the view that GH-RH antag-
onists could be used for the treatment of prostate cancers and
other cancers that are influenced by IGFs.
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